• The ability of four rapid diagnostic tests-direct thermometry, ophthalmodynamometry, and bruit and pulse assessment-to discriminate for the presence or absence of significant extracranial cerebrovascular disease is examined. Utilized separately thermometry, ophthalmodynamometry and the examination for a bruit will find over 75% to 85% of cases. Pulse assessment alone reveals only 40% of significant lesions. The combination of neck examination for the presence of a bruit or pulse deficit alone will discover 93% of the vascular lesions. In the present series 100% of cases were found by including either direct thermometry or ophthalmodynamometry in combination with the aforementioned two tests.
• The ability of four rapid diagnostic tests-direct thermometry, ophthalmodynamometry, and bruit and pulse assessment-to discriminate for the presence or absence of significant extracranial cerebrovascular disease is examined. Utilized separately thermometry, ophthalmodynamometry and the examination for a bruit will find over 75% to 85% of cases. Pulse assessment alone reveals only 40% of significant lesions. The combination of neck examination for the presence of a bruit or pulse deficit alone will discover 93% of the vascular lesions. In the present series 100% of cases were found by including either direct thermometry or ophthalmodynamometry in combination with the aforementioned two tests.
Ophthalmodynamometry accurately located the side of the major lesion in more than 90% of the cases. The direct thermometry technique scored below 40% in lesion localization. It is suggested that the thermometry technique, because of the ease of its performance, should be utilized in combination with the neck examination as the preliminary step in assessing patients with suspected extracranial cerebrovascular disease. Ophthalmodynamometry should then be used for more accurate localization of the lesion prior to angiography.
Introduction
• Since 1951, when Fisher 1 noted the possible pathogenic role of extracranial vascular stenosis or occlusion in the production of strokes, several new diagnostic techniques have been developed. Two of these, thermography (T) 2 and direct thermometry (DT), 84 utilize changes recorded from the entire facial integument or specified areas of facial skin as indicators of a diseased extracranial carotid vasculature. Thermography, as developed by Wood 2 and Heyman 6 and modified by Mawdsley et al.,° scans the entire face with a very sensitive temperature detector and prints out a thermal map of facial infrared emissions. Direct thermometry, on the other hand, provides direct skin temperature measurements of specified areas of the face using a small temperature probe. Both of these techniques have potential application as mass screening methods for selecting patients for contrast angiographical studies because of the absence of complications and patient discomfort. However, the speed of the DT method, an average study requiring eight minutes, and its initial low equipment costs might render it more practicable as a screening method than T. 8 As a result of Austin and Sajid's 8 promising results with DT, a study was undertaken to further evaluate this technique and compare its sensitivity and accuracy to other well-established diagnostic methods which can be performed rapidly in the clinic or at the patient's bedside. The other diagnostic techniques included in this study were ophthalmodynamometry (ODM), 7 -9 cervical auscultation for the presence of bruits (B), 1011 and cervical palpation for the presence of pulse deficits (P).
1 -- 18 Angiographical verification of the status of the cerebrovascular tree was obtained in all patients and the results of the various diagnostic techniques were compared with the angiographical findings.
An attempt has beei made to delineate additional symmetrical facial areas which might reveal significant temperature changes with the DT technique. The study also includes the establishment of control values and methods for the utilization of this information for following patients on a day-to-day basis with the DT technique.
The anatomical and theoretical considerations of the DT and T techniques have been reviewed. 2 ' 8 ' 1514 Briefly, the medial supraorbital area of the forehead is supplied by the frontal and supraorbital arteries which are branches of the ophthalmic artery which is usually the first supraclinoid branch of the internal carotid artery. Since the rest of the facial skin is supplied by branches of the external carotid artery, this results in a small island of skin which usually receives its primary blood supply from the internal carotid artery. Lesions of the internal or common carotid arteries proximal to the origin of the ophthalmic artery can result in a decrease of blood flow to the medial supraorbital area which is reflected by a decrease in the skin temperature in that area. Development of a significant collateral circulation to the medial supraorbital area could seriously hamper the interpretation of the temperature measurements.
Methods
Two control groups were studied to establish normal values for the DT technique. Twenty-six hospital employees between the ages of 18 and 30 constitute control group C. The second control group, H, is composed of 23 hospitalized patients with non-neurological disorders. Their ages ranged from 30 to 60 years of age. There was an approximately equal sex distribution for both groups. DT measurements were performed with a Yellow Springs Thermistemp Tele-Thermometer connected to a "Banjo"-type temperature surface probe after the method of Austin and Sajid. 8 This apparatus permits temperature measurement to the nearest 0.1° F. Measurements were performed at the patient's bedside without control of ambient temperature. All control measurements were repeated 24 to 48 hours after the first recording. Control values for three symmetrical facial areas, as well as oral temperatures, were established.
The symmetrical facial DT locations are illustrated in figure 1 , for one side of the face. The medial supraorbital temperature (MST) was measured by centering the probe over an imaginary point 1 cm above the eyebrow and directly over the inner canthus of the eye. This places the lower edge of the probe 0.5 cm above the eyebrow. The lateral supraorbital temperature (LST) was measured in a similar fashion, but above the outer canthus. Measurement of the nasal temperature (NT) was performed with the edge of the 1-cm diameter probe placed just above the alae nasi with the lateral edge just resting at the groove formed by the junction of the nasal process with the medial maxillary surface. Since the application of the probe with excessive pressure can cause reactive hyperemia, care was taken to avoid this. Alternating symmetrical readings were taken until there was no more than 0.2° F difference between the last three readings. The average of the three readings was then taken as the DT value for the area observed. For a more detailed description of the general DT technique, see Austin and Sajid. 3 ODM measurements were made after the method outlined by Liversedge and Smith. 7 All patients were in the erect sitting position. A majority of the measurements were made by two of the authors (M.R. and H.M.S.). Some patients had ODM studies by both investigators, and there was close agreement between their results with these patients. For the purposes of this study an abnormal ODM result is defined as a 20% difference in either the systolic or diastolic readings between the fundi. 15 This provided a more conservative interpretation of the diastolic value than that proposed by Duke-Elder or Weigelin.
-
9 Some patients would tolerate only diastolic measurements.
The neck and head were examined in the routine manner for the presence or absence of a bruit or pulse deficit by the admitting physician or one of the authors. Any bruit or pulse deficit noted in the clinical record, whether confirmed or not by subsequent examination, was considered a positive result in this study.
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All the patients, except two, had an aortic arch study to evaluate the status of their extracranial cerebral vasculature. When indicated, additional studies such as a direct carotid arteriography were done. One of the exceptions, a child, had a therapeutic ligation of the internal carotid artery, while the other had surgical verification of the lesion after a direct carotid study had been done on the contralateral side. A lesion occluding 50% or more of the vessel lumen was considered significant for the purposes of this report.
The patient material was extracted on a nonconsecutive basis from patients referred to the Hospital of the University of Pennsylvania with a possible diagnosis of extracranial cerebrovascular disease. They were admitted to either the neurology or vascular surgery services from July 1966 to October 1967. Although 45 patients entered the study, only 27 had the combination of DT, ODM and angiography performed, and they form the basis of the present communication. Mean temperatures, standard errors (S.E.) and 95% confidence limits determined for the three direct thermometry positions in the two control groups, C and H. Two measurements were made on each subject at least 24 hours apart.
Results
In this and following tables, MST, LST and NT are, respectively, medial supraorbital, lateral supraorbital, and nasal supraorbital temperatures. Mean temperatures, with standard errors and 95% confidence limits for the difference between two symmetrical facial areas in the two control populations. The ages in group H ranged from 30 to 60 (mean =45.1), and in group C from 18 to 30 (mean = 34.3). N h = 46. N = 52. There is a significant difference (p<0.01) between groups H and C for MST* and NTf temperature differences. The combination of C and H is presented only for comparison with prior reports and for discussion. The H group results were compared to the patient group in our series.
on both sides. Since there was no significant difference between the mean temperatures of the C and H groups at each location (p > 0.05), they were combined.
In table 2 the mean value and standard error for the temperature difference between symmetrical facial areas are tabulated. The data indicate that symmetry is present within fairly narrow ranges for the MST and LST difference values. The range is wider for the NT, due in part to technical difficulties in applying the temperature probe to the nasal area as well as to the very small target area. 2 ' n ' 6i 1S
Utilizing the 95% confidence limits listed in table 2, a positive DT test, as defined for this report, is obtained when the difference between each MST, LST and NT pair is equal to or exceeds 0.6°, 0.5°, and 1.7°, respectively. Only one of these three elements need be positive to render the entire test positive.
The information in table 2 has been divided into three groups to permit comparison between control populations of different age ranges within this study and with previous reports. 8 There is wider variability in the temperature ranges in the older-aged control population (H) in the MST and NT areas (significant at p<0.01). Only the norms established by the older H controls were applied to the patient material, since the age ranges of these groups were more similar.
A summary of the data collected from the patients is tabulated in table 3. This table contains the temperature differences observed 208 at each location, with an R (right), or L (left) indicating the side of the lower temperature and a plus or minus sign indicating whether the test was positive or negative. ODM values are included with a similar method of indicating the clinical significance of the test result. In addition, the results of the physical examination of the neck for the existence of a B or P deficit are entered. An R or L designates the side of the abnormal result for ODM, B, and P testing. Absence of information in any column is due to incomplete clinical records. Confirmation of the site of the extracranial vascular lesion was made in all patients by angiography (aortic arch study plus an individual vessel study if indicated), direct surgical observation (one case), or ligation of a carotid vessel (one case).
The overall performance of the four diagnostic methods as screening tests for extracranial cerebrovascular disease is indicated in figure 2A . The screening success rate (SSR) for DT and B was in the 70% to 75% range. ODM and P achieved an SSR of 63 % to 65%. There was a significant difference (p< 0.001) between the DT-B and ODM-P groupings. Accurate localization of the lesion was not considered in this analysis.
In the 16 cases in which both DT and ODM were measured, they agreed in seven instances, while DT found four cases missed by ODM and ODM found five significant lesions overlooked by the thermometric technique. When only the initial examination of each patient is considered, DT and ODM were 0.0 Repeat study 24 hours later.
RIC = External
: Right internal carotid; LIC = Left internal carotid; carotid. CC = Common carotid; E.C. = falsely negative in 20% and 25%, respectively. DT and ODM had the same low falsely positive test result of 8%. The largest rate of falsely positive test results (16%) was associated with auscultation for bruits. It should be noted in connection with false positive and negative test results that in 33% of the patients angiographical studies were negative. Figure 2B indicates the incidence rates for a positive test result, which were 53% for DT, 61% for B, 54% for ODM, and 25% for P. This is an incidence rate only, and is computed without reference to the actual status, i.e., presence or absence, of a lesion. It is noted that the incidence rates of a positive test are considerably below the SSR.
One hundred percent of the positive cases were found by the following combinations of diagnostic tests: P + B + ODM, P + B + DT, or ODM + DT. Table 4 further considers the ability of the various tests, alone and in combination, to find a significant extracranial lesion. The combination of P and B in the neck examination alone found 93% of the 16 significant lesions in our 27 patients. False positive results are not considered in this evaluation of the diagnostic modes under consideration.
ODM and P accurately localized the side of the extracranial carotid lesion in 91% and 83.4% of cases with a predominantly unilat-212 eral lesion as graphed in figure 3 . Lesion localization by B was successful 60% of the time. The DT technique faired poorest with regard to accurate lesion localization information, and provided this in only 38.5% of these cases. The NT area was not measured often enough to be considered in this analysis.
Distribution of the positive and negative areas in the presence.of a predominantly or completely unilateral lesion with the DT method varies greatly. The interpretive difficulties associated with application of the DT technique to lesion localization are demonstrated in table 5. The contralateral LST and ipsilateral MST and LST areas were most frequently positive. Both the ipsilateral MST and contralateral LST areas have significant temperature depressions (a + notation in table 5) in 41.6%, while the ipsilateral LST was depressed in 33% of cases. The contralateral MST was positive in only 16.6% of patients with a unilateral lesion.
The value of repeated DT measurements during a patient's hospital course was investigated, and table 6 contains the results of this study. Forty controls from the C and H groups were studied on two occasions at least 24 hours apart. There was no significant difference (p = 0.1) between the two groups when the variability of the repeated observations was compared, and the groups are therefore 
A. Screening success rales expressed as the percentage ability of each diagnostic test to accurately define the presence or absence of a significant extracranial vascular lesion. These rates based on verification of vascular status. B. Incidence rates for a positive test result. These rates are not based on verification of the actual status of the vasculature. (D.T. = direct thermometry, ODM = ophthalmodynamometry).
combined in the table. An algebraic sign is assigned to the result of each temperature difference for a given position, and this sign is maintained between different sets of observations in order to detect changes of significance between the observations according to the following formulas: DSA 2nd -DSA lst = DO (2) Where T is temperature, DSA equals difference The distribution of positive and negative areas with a predominantly unilateral internal carotid lesion (defined in text) varies greatly. The contralateral LST and combined unilateral MST and LST areas are most frequently positive. 
Ability of the four diagnostic tests to accurately localize the side of a significant unilateral common or internal carotid lesion (n = number of cases).
between symmetrical areas, and DO indicates the difference between the first and second observations. Nine patient cases were analyzed according to the above format (cases 2, 3, 6, 11, 22, 23, 24, 25, and 27). Five of these patients were operated on, while the other four received medical management or no treatment. The success rate of determining whether a significant vascular change had occurred between the observations was 83%. Vascular status was first confirmed by angiography, and then considered static if there was no abrupt change in the clinical picture. Lesions were, considered removed after a surgical reconstructive procedure, and the vessel was considered patent as long as there was no abrupt change in the patient's clinical status postoperatively. In this series, no abrupt clinical deterioration 214 occurred in either the operated or nonoperated groups.
Discussion
This report essentially confirms the value of thermal monitoring techniques in screening for extracranial cerebrovascular disease. It shows a discrepancy between symmetrical facial locations in a high percentage of cases with extracranial disease. However, the temperature was not necessarily lower on the side of the occlusion. For the purpose of the following discussion it is assumed that the DT and T methods measure the same phenomenon with similar sensitivities when applied to the specified medial supraorbital, lateral supraorbital and nasal areas.
Previous reports suggest that an ipsilateral decrease of the MST occurs almost invariably with a unilateral carotid occlusion or highgrade stenosis.
2 -3> 5 These workers report their accuracy in localizing the side of the significant carotid lesion as ranging from 78% to 88%. In our hands the DT technique results in a much lower localization rate of 38.5%. In this study there are several cases with a 90% stenosis to occlusion of the internal carotid artery which did not register the established pattern of ipsilateral MST depression. In case 11, with a 90% right common carotid stenosis, there was a rather large 1.4° F depression of the contralateral MST. Cases 4 and 8 had internal carotid occlusions and a positive DT test result in the contralateral LST area without any significant MST .depression ipsilateral to the lesion. These cases are negative with regard to significant multiple extracranial lesion sites and This table contains the results of repeated measurements on 20 control subjects from group H, and 20 from group C. Measurements were repeated 24 to 48 hours after the first DT test. There was no significant difference between the two groups, and their results are combined in this table (n = 40). The mean temperature change retains an algebraic sign as explained in the text. Recently Conrad et al. reported on their experience with the direct thermometry technique. 4 They monitored forehead temperatures at four symmetrical locations. Two of these areas are comparable to the MST and LST areas defined by Austin and Sajid and are utilized in this study. Conrad and her coworkers found a temperature difference of 0.6° C (1.1° F) between the MST (nasal = MST) areas in their six controls. This difference would clearly be classified as "abnormal" by us and other investigators.
2 ' 3 Because of this asymmetrical distribution in their control studies, Conrad et al. expressed their results with patients as differences from the normal average value. They suggested that analysis of temperature data by this method improved their ability to localize ECVD. All of our patient data was subsequently analyzed according to the method proposed by Conrad et al. based upon our control studies. This analysis did not increase our ability to screen for ECVD, nor did it provide additional localizing information.
Further basis for questioning the value of the thermal diagnostic techniques in lesion localization is provided by table 5. Examining only cases with predominantly unilateral lesions, the table reveals that no specific area pattern of facial temperature depression was demonstrable in our patients. Although only a small number of cases are considered, the table demonstrates the existence of variable pattern combinations of positive test results. For example, contralateral LST depression occurs as often as significant ipsilateral MST lowering. Mawdsley and his co-workers feel that "there are several possible patterns of altered facial temperature . . . (and) ... we might expect that ... all of the changes due to proximal carotid lesions would produce some asymmetry of thermal maps of the face." 6 Our study confirms this, and we feel the greatest value of the thermometric techniques lies in their ability to call attention to underlying ECVD rather than in locating the side of the lesion.
The difference between our rather low success rate of lesion localization for the DT technique and the higher rates reported by others may be attributed to the manner in which cases were selected for study. Wood and Austin in their initial work selected cases with known unilateral occlusions or surgical ligations in order to test their developing thermal measuring techniques. 23 We applied the DT technique to all patients entering the study with possible ECVD. Although we report only those patients coming to angiography, this series contains eight negative contrast studies (30%), and many grades of stenosis associated with multiple lesion sites. Our negative workup rate for ECVD compares favorably with the 25% to 30% rates reported by investigators for much larger series of similar patient populations. 17 Since multiple ECVD lesions occur commonly in a given individual, 18 it can be expected that the classical ipsilateral MST depression pattern might not occur as often when more complex lesion combinations are present. It is likely that the overall hemodynamic status of the patients in this report is more heterogeneous than that considered in other studies. Our patient material may more closely approximate the conditions which would exist if thermometric techniques were used to screen large numbers of patients as candidates for angiography.
ODM and P, the tests with the most straightforward interpretation, scored best in locating the side of the major lesion in our series. In these tests the side with the abnormal value indicates the diseased side. DT and B, which may require more sophisticated interpretations of test results, perhaps because they monitor more complicated pathophysiological adjustments to vascular disease, demonstrated a poorer ability to designate the side of the lesion.
ODM, B, and P achieved better accuracy in localizing the side of the lesion than DT ( fig.  3 ). ODM successfully located 91% of the major lesions in our patients. This is a slightly higher value than the 57% to 89% range reported in the literature.
8 ' 7 -12 -1S A bruit was found to overlie a significant lesion in 60% of the cases. This lies within the range of 34% to 75% reported by various workers.
11 ' 15 ' 19 Pulse deficits were found in 25 % of the patients and they correctly located the lesion in 83.4% of these. When clearly demonstrable, an absent carotid pulse is quite valuable in the diagnosis of unilateral occlusion. 12 However, this occurs rather infrequently, limiting its utility.
All four diagnostic tests scored over 60% Positive DT patients could then be studied with ODM to obtain a clearer picture of lesion localization prior to angiography. Verification of the status of vessel patency by angiography was required to establish the SSR for each diagnostic test evaluated in this study. If the modality under consideration accurately defined the status of the extracerebral vasculature, it was counted as a correct test response in SSR computations. This method of reporting provides an evaluation of the accuracy of the diagnostic test in question. Therefore, both true negatives as well as false positives enter into the computing of the SSR. Incidence rates do not evaluate these factors and do not accurately reflect the validity of the diagnostic mode in question in revealing the true base rate of the disease in a population. Figure 2 includes the success and incidence rates for the different diagnostic methods evaluated in this report. It demonstrates the difference between them, and care has been taken in this discussion to differentiate between the various reporting methods.
Silverstein, studying patients with the stroke syndrome, found only a 13% incidence of cervical bruit. We find a substantially higher incidence of 61% in our cases which yielded a screening success rate of 71.5% for the B test. Other workers report the occurrence of bruits as ranging from 45% to 85% in .their series. 10 ' "• 18 ' 10 Our 25% incidence of pulse deficits is in closer agreement with the 17% found by Silverstein. The P test yielded a 63.5% SSR. The SSR for DT and ODM in our patients is 75% and 65%, respectively. Similar ranges of 80% to 88% are reported for thermometric methods. 230 The SSR rates in the literature for ODM range from 58% to 216 , «, 12. 15, 20 computed by the present authors from data presented in the various papers. The wide range in each case probably reflects variation in group selection among the studies.
The four diagnostic methods assessed are falsely positive as follows: DT 6%; ODM 15%; B 33%; and P 60%. In the presence of 50% or greater carotid stenosis, Mawdsley et al. reported a 20% false negative rate. Our study has established similar false negative results of 20% and 25% respectively for DT and ODM. The rather high rate of false negative results probably represents a combination of several phenomena, such as threshold levels for the tests, anatomical variants, and the development of collaterals with increasing lesion duration. 21 From our data it appears that the threshold for DT lies roughly between 40% to 60% stenosis and for ODM at a slightly higher (50% to 70%) stenotic level. Other sources of false positives with the thermometric techniques are bilateral disease, large frontal sinuses, local inflammatory disease, fever and a localized stenotic lesion of the ophthalmic artery.
2 ' 8 '
6
The low false positive rate of 6% may be misleading because it was established from a selected group with a high probability for significant ECVD. A large collaborative study has found that 70% of similar patients presenting with the signs and symptoms of ECVD will have a significantly diseased extracranial cerebrovascular tree. 17 One would, therefore, expect a low false positive rate from this high yield group. Other authors have found that an unselected asymptomatic group over 50 years old could be expected to exhibit a 20% to 40% base rate for ECVD. 1S ' 22 Control group H matches this unselected population and registers a 33% positive test rate with DT testing. This result would be expected if the established base rate for ECVD prevails in the H group and if the technique is valid. Perhaps a better approximation of the true rate of false positives can be determined from the younger control group (C), where the base rate for disease would be expected to be quite low. Using the norms established for this age range (table 2) Bruit testing resulted in the highest false positive result. This most likely represents the high prevalence of atherosclerosis in people over 50, coupled with the fact that only a very small plaque may result in sufficient turbulence to be heard without causing significant ECVD. The highest false negative result was found with the P test (60%) and is caused by the low overall incidence of a pulse deficit associated with the full range, stenosis to occlusion, of ECVD. Comparison of the false positive and negative aspects of B, P, and ODM with that found by other workers is difficult because of the paucity of standardized reporting methods in these areas. 23 DT was used to evaluate vascular changes in 11 patients during their hospital course. It was 83% successful in indicating when a major surgical change in the extracranial cerebral vasculature had occurred. On this basis the technique deserves further investigation as a possible method of continuously monitoring patients in the postoperative period. 8 Since neither postoperative angiograms nor repeat contrast studies in the medically treated patients were obtained, the actual status of the extracranial vessels was not confirmed.
As additional clinical experience has been gained with the DT technique, it appears this easily performed thermal diagnostic technique should be added to the routine examination for extracranial cerebrovascular disease. Excellent screening for surgically correctable lesions was obtained by the combination of DT with P and B. Ophthalmodynamometry which requires greater physician skill and patient cooperation could be utilized when the above tests were equivocal or to more accurately locate the lesion side prior to angiography.
